Objective: To determine whether the absence of mesangial IgG deposits is associated with the absence of elevated blood levels of galactose-deficient IgA1 (Gd-IgA1) in pediatric patients with IgA nephropathy (IgAN). Design and methods: Serum GdIgA1 levels were determined by ELISA using an N-acetylgalactosamine-specific lectin from Helix aspersa. Levels of Gd-IgA1 above the 90th percentile for healthy pediatric controls were considered to be elevated. Renal biopsy samples were examined by immunofluorescence for presence and intensity of staining for IgA, IgG, IgM, C3 and C1q and by light microscopy for histological changes.
Introduction
IgA nephropathy (IgAN) is an autoimmune renal disease resulting from aberrant glycosylation of IgA1 in the hinge-region O-linked glycans. Some of the carbohydrate side chains lack galactose and thus terminate with N-acetylgalactosamine (GalNAc) with or without sialic acid. GalNAc can be recognized by anti-glycan IgG antibodies, resulting in formation of immune complexes either in situ in the mesangium or in the circulation that can subsequently deposit in the mesangium [1, 2, 3] . We have previously shown that 75% of pediatric patients with IgAN have elevated serum levels of galactose-deficient IgA1 (GdIgA1) [4] . It is not known whether Gd-IgA1 is recognized by cross-reactive antibodies originally induced by a mucosal pathogen, for example, or whether Gd-IgA1 may be inducing these IgG autoantibodies. As many adult patients with IgAN do not have IgG co-deposits [5] , we assessed whether pediatric patients with IgAN exhibit an association between presence of IgA deposits and serum Gd-IgA1 level. In theory, such an association would be supportive of the immunogenic character of Gd-IgA1 in IgAN.
Subjects and methods
Serum samples were collected from 30 patients diagnosed with IgAN before age 18 years. The male to female ratio was 2.3 : 1. 20
were Caucasian and 10 were African-American. Blood was obtained within 3 months of biopsy (incident cases) for 12, or more than 3 months from biopsy (prevalent cases) for 18.
Serum samples were obtained from 97 healthy controls younger than age 18 years. These were comprised of 29 African-American males, 21 African-American females, 28 Caucasian males and 19 Caucasian females. The mean ± SD age for the controls at time of study was 12.6 ± 2.9 years.
The levels of Gd-IgA1 were determined in serum samples by ELISA using a GalNAc-specific lectin from Helix aspersa after removal of terminal sialic acid by neuraminidase treatment [6] . The median serum Gd-IgA1 level for the healthy controls was 260 units/ml, with a range of 81 -998 units/ ml. A serum Gd-IgA1 level was defined as elevated if it was above 500 units/ml, the 90 th percentile for the controls.
Renal biopsies were examined by immunofluorescence (IF) microscopy using fluorochrome-labeled antibodies specific for human IgG, IgA, IgM, C3 and C1q, and were interpreted by a single pathologist (L. Gaber) at UTHSC until 2007 and by Nephropath TM (Little Rock, AR, USA) thereafter. The fluorescence intensity was graded 0, trace, 1, 2 or 3. For the purposes of this study, those evaluated as trace or zero were considered negative and those with intensity of 1, 2 or 3 were grouped as positive. The light-microscopic features of the renal biopsy specimens were graded according to the Oxford classification system by review of available slides by a single renal pathologist (P. Walker) [7] .
Statistical analysis: Fisher's exact-test was used to determine significance of 2 × 2 tables. The D'Agnostino and Pearson omnibus normality test was used to determine whether the serum Gd-IgA1 levels for the controls fit a normal distribution. The MannWhitney U-test was used to determine differences for continuous variables for renal biopsies positive for IgG vs. those without IgG deposits.
Results
The relationship between the mesangial IF staining for IgG and serum GdIgA1 level is shown in Figure 1 . No IgG was detected in the biopsy specimens for 10 (33%) of the patients with IgAN. Serum Gd-IgA1 level was elevated in 23 (77%) of the patients with IgAN. Of the 20 patients with IgG mesangial deposits, 18 (90%) had an elevated serum Gd-IgA1 level; for the 10 patients without mesangial staining for IgG, 5 (50%) had a normal Gd-IgA1 level (p = 0.026). C3 was present in 28 biopsies. The 2 patients without C3 had no IgG deposits and a normal Gd-IgA1 level. Absence of mesangial IgG was found in 8 of 22 (36%) of biopsies examined by Dr. Gaber and 2 of the 8 specimens (25%) examined by Nephropath™. The median GdIgA1 level was not different with respect to presence or absence of IgG.
The detailed IF findings in the renal biopsy specimens, the serum levels of GdIgA1, and clinical and demographic features for the 10 subjects without IgG mesangial deposits are shown in Table 1 . There was no feature other than the absence of IgG in the mesangial deposits that distinguished this group from the 20 patients with IgAN with IgG mesangial deposits. Seven of the 10 subjects without IgG did not have IgM deposits, and thus IgA was the only immunoglobulin detected in the mesangial deposits by IF. Median serum Gd-IgA1 levels for subjects with and without IgG deposits were similar.
The subgroup of patients with IgG staining did not differ significantly from the subgroup without IgG staining in respect to being incident or prevalent cases for timing of the measurement of serum Gd-IgA1 (Table 2 ). There was no signifi- cant difference between these subgroups for any other feature, such as gender, race, minimal-glomerular-change histology, or presentation with macroscopic hematuria. While the only 3 patients who progressed to chronic kidney disease Stage 4/5 had IgG deposits, the finding was not statistically significant.
Discussion
We reviewed several pediatric studies that reported IF findings in renal biopsy specimens from at least 19 patients with IgAN (Table 3 ) [8, 9, 10, 11, 12, 13, 14, 15, 16] . There was considerable variation among the studies with respect to the detection of IgG, ranging from 32% to 86%. The cumulative frequency of mesangial IgG was 55% in patients from the United States and Europe vs. 37% in patients in Asia. For the studies summarized in Table  3 , the percentages of biopsy specimens from children with IgG staining were similar to those from adult patients with IgAN [5, 17] .
A multivariate analysis of 27 adult IgAN patients showed that mesangial IgG deposition was associated with disease progression [18] . Recent examination of combined pediatric and adult outcome data from the Oxford Classification study using Cox regression analysis showed a trend toward poorer renal survival for IgG-positive patients as compared to IgG-negative patients [19] . If these studies are confirmed, IgG deposits would become an additional biopsy marker of poor clinical outcome. The findings from our small cohort do not support these observations, as the 8 patients with minimal glomerular changes (Oxford M0 E0 S0 T0) did not differ from those with more severe glomerular lesions on light microscopy with respect to absence of IgG. The percentage of biopsies with Oxford M0 S0 E0 I0 is a good indicator of the degree of mild disease in a given cohort. However, our study with only 30 subjects with IgAN is clearly underpowered to address this question. A more extensive analysis, such as the one done in the original Oxford Classification cohort, would be needed to detect associations between specific histologic lesions and serum Gd-IgA1 levels.
It is not known whether Gd-IgA1 in IgAN patients can induce IgG autoantibodies specific for the aberrantly glycosylated IgA1 hinge-region glycopeptides. Alternatively, Gd-IgA1 can be recognized by the IgG antibodies originally induced by mucosal microorganisms that cross-react with Gd-IgA1. In this cohort of pediatric patients with IgAN, we observed an association between mesangial IgG deposits and elevated serum Gd-IgA1 level. This finding can thus be interpreted as supporting the immunogenic character of Gd-IgA1 in this group of IgAN patients. It is not clear how to explain the absence of IgG in the mesangial deposits of some patients with IgAN. One possibility is that Gd-IgA1 is recognized by IgA1 antibodies in this group of patients [3] and that these antibodies would be primarily induced by mucosal microorganisms and be crossreactive with Gd-IgA1. Moreover, other mechanisms may be involved in the formation of IgA deposits without IgG and or IgM co-deposits.
In a closely related disease, HenochSchönlein purpura, the patients with nephritis have IgA-IgA and IgA-IgG circulating immune complexes, whereas patients without nephritis have only IgA-IgA circulating immune complexes [20] . However, in IgAN it is not well understood how the composition of circulating immune complexes affects the disease presentation, severity, and/ or progression.
In summary, in a small cohort we found that pediatric patients with IgAN who do not have mesangial IgG deposits are more likely than those with IgG deposits to have a normal serum Gd-IgA1 level. In this subset of patients, other mechanism(s)
, not yet elucidated, may drive the pathogenesis of the disease. 
